Objectives: Laboratory monitoring of patients using lithium is important to prevent harm and to increase effectiveness. The aim of this study is to determine compliance with the guidelines for laboratory monitoring of patients treated with lithium overall and within subgroups.
| INTRODUC TI ON
Mood stabilizers aim to prevent manic and depressive relapses in patients with bipolar disorder during maintenance therapy. 1 The balance between benefit and harm of pharmacotherapy needs to be monitored and evaluated for each patient before and periodically during treatment. 2 Clinical practice guidelines (CPGs) provide instructions regarding both clinical and biomarker monitoring. [2] [3] [4] Clinical monitoring includes monitoring of both signs and symptoms, while biomarker monitoring can be divided into monitoring of physical parameters and of laboratory parameters. 2 Although the need for monitoring of patients treated with psychotropic drugs is widely recognized, adherence to monitoring guidelines is often found to be suboptimal. [5] [6] [7] [8] For example, monitoring rates of metabolic parameters such as weight, glucose, and lipids in patients using antipsychotic drugs have been found not to correspond with advice given in CPGs, posing unnecessary risks of morbidity to patients. 9, 10 Lithium is approved for the acute treatment of mania and prophylaxis of bipolar disorder and is additionally used to augment antidepressant therapy in unipolar depression. 11, 12 Monitoring of lithium serum levels is important to prevent harm and to improve effectiveness among its users. The effectiveness of the treatment may decrease during subtherapeutic lithium serum levels, with a risk of relapse or recurrence, while higher lithium serum levels may be associated with a higher risk of adverse effects. 13 Adverse effects with regard to renal and thyroid function frequently occur. 14 A significant decline in renal function has been reported in patients treated with lithium, [15] [16] [17] [18] in rare cases resulting in renal failure. 19, 20 Thyroid function may decline, with a risk of developing goiter. Based on these risks, monitoring of lithium serum levels, renal and thyroid function is important. 12 In a previous survey by our group, prescribers of lithium reported to monitor at least one parameter within the first 6 months and during maintenance treatment in patients using lithium. 21 Especially lithium serum levels, creatinine, and TSH were reported to be monitored by almost all prescribers of lithium. 21 Although prescribers report to monitor patients using lithium, it is unknown whether in clinical practice patients are actually monitored for lithium serum levels, creatinine, and TSH. The objective of this study is to determine compliance with the guidelines for laboratory monitoring of patients treated with lithium among ambulatory patients in the Netherlands overall and within subgroups.
| ME THODS

| Setting and source population
For this retrospective follow-up study, monitoring of ambulatory patients treated with lithium was assessed in multiple regions in the Netherlands. Data were obtained from the PHARMO Database
Network, a population-based network of electronic databases from primary and secondary health care settings in the Netherlands. 
| Study population
All patients who had been dispensed lithium (ATC code N05AN01) during the period from 1 January 2010 to 31 December 2015 were identified from the source population. The date of the first lithium dispensing in the study period was defined as the index date. Patients were included if they were aged 18 years or older at the index date, had at least 1 year of medication history, had at least 1 year of follow-up, and had used lithium for at least 6 months. The theoretical duration of lithium use was determined by dividing the amount dispensed by the prescribed dosage regimen. Because dosing of lithium varies, lithium episodes were considered to be continuous if gaps between subsequent dispensed prescriptions were less than 30 days, based on the start date of dispensing and the theoretical end date of the previous lithium dispensing for the same patient. All patients having at least one episode of lithium treatment for a duration of 6 months were identified. Individual follow-up for all patients was divided into fixed time periods of 6 months (182 days) ( Figure 1A ).
| Patient characteristics
For all patients in the study population, sex, age at start of periods, and number of 6-month period of lithium use were determined. To provide further insight into the patient population, dispensed psychotropic drugs (based on ATC codes, Appendix 1) were determined within the 6-month period before lithium dispensing. Furthermore, the type of prescriber within the first 6-month period, treatment status, and number of dispensed medications in addition to lithium were determined.
| Period characteristics
Age (as determined by year of birth) was assessed in a time-dependent manner at the start of each period. The characteristics of prescribers during lithium use were analyzed; the type of prescriber for lithium was assessed within every period from the pharmacy records and categorized into "medical specialist," "general practitioner," or "both." A medical specialist could, for example, be a psychiatrist or geriatrist.
A distinction was made between patients based on duration of lithium use. Patients were divided into (re-)initiators and prevalent users at the start of each 6-month period. An (re-)initiator of lithium was defined as having a dispensed lithium prescription without having a lithium dispensing within the 6 months before the prescription, while being noninstitutionalized (defined as having at least one drug dispensing event for any other drug within 6 months before dispensing). A patient was defined as a prevalent user (maintenance) during consecutive lithium periods of 6 months after the index date.
Patients may have had more than one lithium treatment episode.
The number of different dispensed medications (based on ATC codes) was determined within each period. Patients were divided into patients with polypharmacy (≥5 medications including lithium) or patients with <5 medications and it was assessed whether patients with polypharmacy were monitored more often in accordance with the guidelines than patients with <5 medications.
Co-medications interacting with lithium requiring monitoring of lithium according to the G-standard, an evidenced-based professional guideline for the management of drug-drug interactions, were assessed within periods. 23 The number of days with laboratory measurements other than lithium serum levels, creatinine and TSH were determined in each period as a measure of laboratory monitoring intensity in general.
| Assessment of laboratory measurements
Within each 6-month period of lithium use and during total follow-up of lithium use of patients, it was determined whether lithium serum levels, creatinine and TSH had been measured in compliance with the
guidelines (Figure 1B). The 2008 published Dutch Multidisciplinary
Clinical Guideline Bipolar Disorders recommended to monitor lithium serum levels, creatinine and TSH at least every 6 months for patients using lithium. 24 Monitoring was defined as compliant with the guidelines if lithium serum levels, creatinine and TSH had been determined at least every 6 months during lithium use. For every 6-month period, it was determined whether a laboratory measurement of lithium serum level, creatinine and TSH had been performed.
| Data analysis
Data were analyzed using the Statistical Package for Social Sciences Version 24.0 for Windows (SPSS 24.0; SPSS Inc, Chicago, IL).
F I G U R E 1 Schematic representation of assessment of laboratory measurements
Descriptive statistics were used to determine the percentage of patients who had been monitored in compliance with the guidelines for lithium serum levels, creatinine and TSH in 6-month period. Thereby, the percentages of patients being monitored during total follow-up of lithium use were determined for all three parameters. A sensitivity analysis was performed to determine the proportion of patients being monitored in 9-month period for lithium serum levels, creatinine and TSH.
The strength of the association between the patient and period characteristics and guideline monitoring adherence was assessed with logistic regression analysis and expressed as odds ratios (ORs) with corresponding 95% confidence intervals (95%CI). ORs for being monitored according to the guidelines compared to not being monitored according to the guidelines were calculated for the covariates sex, age, type of prescriber, treatment status (initiation or maintenance), number of prescribed medications (<5 or ≥5 medications), interacting co-medication, and days with laboratory measurements other than lithium, creatinine, or TSH. All ORs were adjusted for all patient and period characteristics.
| RE SULTS
| Study population
From the source population, a total of 2279 different patients were identified with at least one lithium dispensing in the period between 1 January 2010 and 31 December 2015 ( Figure 2 ). After applying the exclusion criteria, 1583 patients were identified who had used lithium for at least one 6-month period, generating a total of 10 202 patient periods of 6 months.
The study population thus included 1583 patients (mean age 57
(SD 14) years, 60% female), with a median number of seven 6-month period (interquartile range (IQR) 3-10) ( Table 1 ). Most patients had been prescribed lithium in the first 6-month period by a medical specialist (59%), about one fifth had been prescribed lithium by a general practitioner (21%), and about one fifth had been prescribed lithium by both a medical specialist and a general practitioner (20%).
Most patients had been maintenance users within the first 6-month period (95%). In half of the first 6-month period, patients had used five or more other medications (50%) with a median number of four (IQR 2-7) other medications per 6-month period.
Psychotropic drugs had commonly been dispensed within the 6-month period before the first dispensing of lithium. Antidepressants had been dispensed to 46% of patients, antipsychotics to 41%, anxiolytics, hypnotics, and sedatives to 43%, mood stabilizers to 10% and psychostimulants had been almost extremely rare (1%).
| Outcomes
Lithium serum levels were monitored in 65% of periods of lithium use, creatinine in 73%, and TSH in 54% of periods of lithium use (Table 2 ).
About half of all patients were monitored according to the guidelines during total follow-up of lithium use for lithium serum levels (46%) and creatinine (47%) and about one fifth for TSH (21%). About one seventh (16%) of patients were monitored according to the guidelines for all three parameters during the total period of lithium use.
Sensitivity analysis results indicate that the percentages of monitoring compliant with the guidelines in periods were increased to 69%, 79%, and 68%, respectively, for lithium serum levels, creatinine and TSH when measured over 9-month period. During total followup, the percentage of monitoring in compliance with the guidelines increased to 56%, 63%, and 42% for lithium serum levels, creatinine and TSH, respectively.
F I G U R E 2 Flowchart for patient inclusion
| Characteristics of periods monitored in compliance with the guidelines
Monitoring of lithium serum levels, creatinine and TSH seemed to be correlated with the different characteristics ( Figure 3 ). Between subgroups, the odds for being monitored differed for some characteristics. Males were less often monitored for TSH according to the guidelines compared to females (52% vs 56%; OR 0.83; 0.77-0.90).
Within age categories, the odds of being monitored was significantly lower for patients aged between 18 and 65 years compared to patients >65 years old for lithium and creatinine.
Patients who had received lithium prescriptions from general practitioners were monitored less often in compliance with the guidelines regarding lithium serum levels (60% vs 66%; OR 0. 
| D ISCUSS I ON
A considerable number of patients using lithium were not monitored according to the Dutch guidelines. Compliance was relatively higher for laboratory monitoring of creatinine compared to monitoring of lithium serum levels and TSH. The higher proportion of patients being monitored for creatinine might be explained by the fact that creatinine is more often included in laboratory protocols than lithium serum levels, for example, during admission laboratory measurements or when needed for other medications. In elderly patients, renal function will gradually decline and this may be the reason why this parameter is more frequently monitored in this group. 25 The most recent version of the Dutch Guideline for Bipolar Disorders (2015) states that TSH needs to be monitored at least once a year instead of every 6 months. 4 In general, males were monitored less often in compliance with the guidelines for TSH, but not for creatinine and lithium serum levels. Compliance was especially higher in older patients (>65 years) compared to patients aged <65 years. Patients using <5 medications were monitored less often in compliance with the guidelines for creatinine, but not for lithium serum levels and TSH. Patients defined as initiators were more often monitored in compliance with the guidelines for TSH compared to maintenance users.
Compliance with laboratory monitoring in patients with prescriptions from general practitioners was less compared to patients with prescriptions from medical specialists or from both a medical specialist and a general practitioner. An earlier small-scale Dutch study reported that general practitioners monitored lithium serum levels significantly less often than psychiatrists. Furthermore, the study indicated that creatinine and TSH were monitored less often than the guidelines prescribed.
26
If co-medication interacting with lithium had been prescribed within periods, patients were monitored more often compliant with the guidelines for lithium serum levels. This may be caused by alerts from clinical decision support systems, which remind the prescriber to monitor lithium serum levels. Patients without other days with laboratory measurements were less often monitored in accordance with the guidelines for creatinine. The reasons for this difference can be related to the willingness of patients to have blood tests, comorbidities, or medications requiring additional monitoring.
Many guidelines advise to monitor lithium serum levels at least twice a year. 3 Therefore, our findings could be compared to monitoring compliance in other countries. In agreement with other monitoring studies on adherence to guidelines, improvement of laboratory monitoring of patients using lithium in clinical practice is needed. [6] [7] [8] The study by Collins et al, reported that 68% of patients had undergone two or more tests for lithium serum levels per year, 55% had undergone two or more tests for creatinine, and 82%
had undergone at least one TSH test per year after at least 1 year of lithium use. The time periods in which laboratory measurements had been assessed were different (one-year periods compared to six-month periods for lithium, creatinine and TSH), but their results indicate a similar trend. Paton et al described in a later study that monitoring of lithium serum levels, creatinine and TSH had increased to 80%, 70%, and 92%, respectively. 7 Monitoring rates increased after a quality improvement program consisting of a patient safety alert mandating health care professionals to put in place systems to inform patients on lithium safety, to monitor lithium in line with National Institute for Health and Care Excellence (NICE) guidance and to communicate monitoring tests to involved laboratories and clinicians. 7 Eagles at al reported that monitoring of patients using lithium did improve after distribution of guidelines, but still exhibited several inadequacies. 8 Ooba et al reported that the prevalence of monitoring increased after a regulatory warning requiring compliance with the measurement of blood levels during lithium treatment, but remained low. 28 Our results further illustrate that there are inadequacies in monitoring, highlighting that patients are less often monitored than prescribed by the guidelines and may be in need of additional care.
The observation that improvement is needed in terms of compliance with monitoring guidelines is not only seen in patients treated with lithium. The prevalence of lipid and glucose monitoring in patients treated with second-generation antipsychotic agents was found by earlier studies to be low as well. 29, 30 The PHARMO Database Network covers a broad area in the Netherlands. Therefore, one can assume that our findings are generalizable to other patients using lithium in the Netherlands. With this rich database, the odds of being monitored for diverse patient characteristics could be assessed.
Because patients may go to other laboratories not included in the PHARMO Database Network, there is a possible risk of bias due to incomplete laboratory data. In addition, the possibility of hospitalization cannot be ruled out for some patients during the study period or within the 6-month period before initiation of lithium. Some patients may have been admitted to an institution or hospital for a short duration and lithium treatment may have been initiated there. To lower bias due to missing data, only patients with at least one dispensing in the 6-month period before lithium treatment were included. The data pro- 34 Qualitative studies may provide in-depth insight into the personal rationale for choices.
Klann et al suggested an algorithm for automating drug monitoring by health care professionals. This information technology system automatically invites patients for laboratory testing when medication is dispensed. When a physician prescribes medication, laboratory tests for lithium serum levels, creatinine and TSH will be scheduled for the patient at the same time. This system is known as a "corollary order." 35 Methods to improve patient compliance with monitoring can include methods to reduce time consumption by patients, such as the implementation of point-of-care tests (POCTs) in pharmacies for lithium and creatinine. 36, 37 Testing patients in pharmacies when medication is dispensed would save time for patients and could lead to improved monitoring compliance.
| CON CLUS ION
A considerable proportion of patients had not been monitored in accordance with the Dutch guidelines. In order to ensure patient safety and the effectiveness of lithium treatment, it is crucial to understand why patients are not being monitored according to the guidelines. Future research is needed to provide insight into the causes of missing values of patient monitoring. Based on those findings, methods to improve the monitoring of patients using lithium can be developed and evaluated in clinical practice.
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